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(57) An image transfonming apparatus comprising 
a means (20,22,23) for holding an input image 
signal, a means (20,22,23,40) for holding 
geometric parameters for the image signal in a 
photographing mode, a processing means (30) 
for geometrically transforming the image signal 
by the use of such geometric parameters, and a 
means (50) for outputting the image signal 
transformed geometrically by the processing 
means. There is also provided a method of 
transforming an input image by employing the 
above apparatus to realize a tilting process and _ 
a depth-effect emphasizing process for the im- 
age obtained from a video camera (10,13), an o 
electronic still camera or the like. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to an apparatus and a method for transforming an input image signal through 

a desired process and outputting a transformed image. 

2. Description of the Prior Art 

10 When subjects are photographed with a camera in an ordinary manner, the intrinsic dimensional relation- 
ship of the subjects is not captured with accuracy due to the optical characteristics of the camera, and the sub- 
ject (portion) positionally closer to the camera is formed into a larger image as compared with any other subject 
of the same dimensions at a longer distance from the camera. 

In photographing an article to be listed in a catalog for example, it is generally customary to take a shot 
15 from above obliquely so that the front and the top of the article can be seen. 

Fig. 1 3 illustrates an exemplary case of photographing a television receiver (subject) 1 by a camera 2 shown 
in a side view with respect to both the television receiver 1 and the camera 2, : wherein a shot is taken at a de- 
pression angle 9 as viewed from the camera 2. However, in such photograjiRy, a subject portion positionally 
closer to the camera is formed into a larger image as mentioned, so that the entire image obtained becomes 
20 top-heavy as shown in Fig. 14 where the downward vertical lines are inclined inwardly. 

In order to correct such unnatural image, it has been known heretofore that an operation termed "tilt" is 
performed by the use of a large-sized studio camera (film camera) called "view camera". The "tilt" is an operation 
for adjusting a film plane from (A - B) to (A' - B') as illustrated in Fig. 15 so that the film plane (A - B) in the 
camera 2 becomes parallel with the subject (a - b). 
25 Normally the optical axis J of a lens L is perpendicular to the film plane (A - B), and when such "tilt" is per- 
formed for adjusting the film plane to (A' - B ; ), it is necessary to change the right angle formed by the film plane 
with the optical axis J of the lens L. 

For this purpose, the image-forming focal plane (film plane) is rotated substantially by an angle 9 in con- 
formity with the depression angle 9 to the subject, as illustrated in Fig. 16, by the use of a large-sized studio 
30 camera with bellows or the like. In such photography, geometric transformation is executed optically to obtain 
a picture of Fig. 17 where vertical fines are substantially parallel with one another. 

However, the tilting operation mentioned above is complicated in practical manipulation and requires a con- 
siderably long time for setting with a further disadvantage that, in case the amount of the tilt needs to be cor- 
rected in any stage posterior to start of the photographing, it is necessary to repeat the procedure over again 
35 from the initial setting to consequently bring about extreme inefficiency. 

In an attempt to shorten the period of time required from photographing to printing, it is preferred to use a 
video camera or an electronic still camera. However, none of such cameras is equipped with a function to per- 
form the tilting operation. 

Regardless of whether a photographing means is a film camera, an electronic still camera or a video cam- 
40 era, the depth effect of a subject in its photographed image is determined by a shooting position and the focal 
length of a lens. Therefore, when the depth effect needs to be adjusted, it is necessary to shift the shooting 
position or to change the lens with the requisite of restarting the photographing processes all over again, hence 
extremely complicating the entire work. 

45 OBJECT AND SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an apparatus and a method for geometrically transforming 
an input image signal and outputting a transformed image through a tilting process or a depth-effect empha- 
sizing process. 

so According to one aspect of the present invention, there is provided an image transforming apparatus com- 
prising an image holding means for holding an input image signal; a parameter holding means for holding geo- 
metric parameter signals in a photographing mode with regard to the input image signal; an image processing 
means for executing geometric transformation of the image signal by the use of the geometric parameter sig- 
nals; and a means for outputting the image signal transformed geometrically by the image processing means. 

55 The input image signal is a still image signal obtained from a video camera; and the geometric parameter signals 
are composed of at least a video angle data signal, a focal length data signal and a relative angle data signal 
of the video camera to a subject in the photographing mode; and the image signal is geometrically transformed 
by the use of the geometric parameter signals, whereby the subject is outputted as the geometrically trans- 
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formed image signal. 

According to another aspect of the present invention, there is provided an image transforming method which 
comprises the steps of holding an input image signal; holding geometric parameter signals in a photographing 
mode with regard to the input image signal; executing geometric transformation of the image signal by the use 
5 of the geometric parameter signals; and outputting the image signal transformed geometrically in the image 
processing step. 

Due to employment of such apparatus and method which are capable of transforming an input image signal 
on the basis of the geometric parameters used in the photographing mode, the process corresponding to the 
known tilting operation with regard to any image obtained from a video camera or an electronic still camera 
10 can be realized with another function of adjusting the amount of the tilt after termination of the shot . 

The image obtained by means of a camera can be regarded as a result of projecting a subject onto a plane. 
Therefore, by calculating the three-dimensional position coordinates of the subject and the optical-axis direction 
of the camera from the subject image, it becomes possible to obtain a transformed image where the viewing 
position coordinates and the focal length have been changed as desired. For example, the input image signal 
15 can be transformed into an image obtained by a wide-angle lens with an imaginary approach to the subject 
from the actual shooting position, or into an image obtained by a telephotographic lens at an imaginary longer 
distance to the subject fromjthe actual shooting position. 

The above and other features and advantages of the present invention will become apparent from the fol- 
lowing description which will be given with reference to the illustrative accompanying drawings. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of an image processing system where an embodiment of the present invention 
is employed; 

25 Fig. 2 is a block diagram of an image transforming apparatus embodying the present invention; 

Fig. 3 is a flow chart showing the procedure of an exemplary operation performed in the image transforming 
apparatus of the present invention; 

Fig. 4 is a block diagram of functions to execute geometric image transformation in the apparatus of the 
invention; 

30 Fig. 5 graphically shows how the geometric image transformation is performed in the apparatus of the in- 
vention; 

Fig. 6 graphically shows how parameters are calculated in the apparatus of the invention; 
Fig. 7 illustrates a projective transformation executed in the apparatus of the invention; 
Fig. 8 is an explanatory diagram for a parameter calculation method adopted in the invention; 
35 Fig. 9 is a flow chart showing the procedure of a depth-effect emphasizing process executed in the appa- 
ratus of the invention; 

Figs. 10 to 12 illustrate exemplary images transformed through a depth-effect emphasizing process in the 
apparatus of the invention; 
Fig. 13 illustrates a photographing operation; 
40 Fig. 14 illustrates an exemplary photographed image; - >*r 

Fig. 15 is a schematic diagram showing how a tilting process is executed; 
Fig. 16 illustrates how a photographing operation is performed with a tilting process; and 
Fig. 17 illustrates an image photographed with a tilting process. 

45 DESCRIPTION OF THE PREFERRED EMBODIMENT 

Hereinafter the constitution of an embodiment of the present invention will be described, and thereafter a 
description will be given sequentially on a first image transformation (with a tilting process) and a second image 
transformation (with a depth-effect emphasizing process) realized in the embodiment. 

50 

[Constitution of embodiment] 

Fig. 1 is a block diagram of an image processing system employing the image transforming apparatus of 
the present invention, wherein a photographed image signal or an image signal photographed at a remote site 
55 and transmitted therefrom is processed as a picture to be listed in a catalog or the like. First an explanation 
will be given below with regard to such image processing system. 

In Fig. 1 , there are shown a photographing device 10 such as a television camera or an electronic still cam- 
era; a video reproducer (television monitor) 1 1 used at a remote site for reproducing a video signal outputted 
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from the camera 10; and astiil image transmitter 12 capable of transmitting, via a telephone line or a commu- 
nication satellite, a desired image (color video signal corresponding to one frame) out of the video signal ob- 
tained from the camera 10. 

Denoted by 1 3 and 14 are a camera and a television monitor which are similar to the aforementioned cam- 

5 era 10 and television monitor 1 1 respectively and are disposed in the vicinities of a still image transmitter 20 
of the image processing system in such a manner as to be capable of supplying an image signal directly to the 
still image transmitter 20 without the necessity of any telephone line or the like. It is a matter of course that the 
television monitor 1 1 may be carried and disposed in the vicinity of the still image transmitter 20 to supply an 
image signal directly to the transmitter 20. 

10 It is preferred that the cameras 10,13 and the television monitors 1 1 , 14 are equipped with means capable 
of recording and reproducing a video signal, a focal length and a photographing azimuth (hereinafter referred 
to as geometric data), and particularly with respect to the azimuth, the means needs to have a function of re- 
cording the relative angle to the subject being photographed. 

Each of the cameras 1 0, 1 3 is equipped with a computing circuit which is capable of producing and record- 

15 ing the geometric data simultaneously with an operation of recording the image signal on a recording medium 
such as a floppy disk. The computing circuit detects and calculates the zooming and focusing amounts with 
regard to the view angle and the focal length, and an azimuth sensor is provided for calculating the azimuth 
(and the three-dimensional position). 

The azimuth sensor may be constituted by the application of, for example, a global positioning system 

20 (GPS) which detects the position and the azimuth in accordance with radio waves transmitted from an artificial 
satellite, and a geomagnetism sensor may also be employed for detecting the azimuth alone. In detecting the 
three-dimensional position by the GPS, the precision error in the present technical stage ranges from 10 to 20 
meters. Therefore, if a higher precision is required, it is preferred to employ an ultrasonic sensor which calcu- 
lates the three-dimensional position and the azimuth by detecting ultrasonic waves from at least three wave 

25 sources, or another sensor which is furnished with a wave source utilizing the geomagnetism at a photographing 
site and calculates the three-dimensional position and the azimuth from the current generated in a coil having 
directivity in three directions. 

When.the geometric data is obtained by such means in the photographing mode, the video reproducers 
(television monitors) 11, 14 supply the geometric data together with the image signal to the still image trans- 

30 mitters 12, 20. 

The still image transmitter 20 receives the image either via the still image transmitter 12 or directly from 
the video reproducer 1 4, and is capable of display ing the received image on a monitor 21 . The still image signal 
(video signal corresponding to one frame and composed of Y/C signal, RGB signal or composite signal) sup- 
plied to the still image transmitter 20 is inputted either automatically or manually to an image processor 30 in 
35 the embodiment of the present invention. 

In case the geometric data recorded in the photographing mode is supplied to the still image transmitter 
20 together with the image signal, it follows that the geometric data is also inputted to the image processor 30 
in conformity with the image signal. 

However, if the cameras 10, 1 3 and the video reproducers 1 1 , 1 4 are not equipped with the aforementioned 
40 sensor means or computer rtteans and none of the geometric data is supplied to the still image transmitter 20 
in conformity with the image filial, then the geometric data may be inputted by the use of a console 40 as will 
be described later. r 

Denoted by 22 is a video output apparatus such as a video disk unit a VTR or a TV receiver which serves 
as a video signal source. The output video signal from such video source 22 (VTR, TV receiver, etc.) can also 
45 be supplied to the image processor 30 either directly or via the still image transmitter 20. 

Reference numeral 23 denotes an image scanner capable of reading a film or a photograph to produce 
image data and supplying the same to the image processor 30. If the geometric data is included by a prede- 
termined method in the image to be read, it follows that the geometric data can also be supplied to the image 
processor 30 simultaneously with the image. 
so As will be describedlater, the image processor 30 functions as a host computer in the entire system to 
perform various operations of storing the image signal supplied thereto, processing the image signal, and out- 
putting the processed image signal to a printer. 

Denoted by 40 is a console comprising a control display 41 , a keyboard 42, a mouse 43, a processed image 
monitor 44, and an external memory 45. The operator can control various operations of the image processor 
55 30 via such console 40. If none of the geometric data is automatically inputted to the image processor 30 to- 
gether with the image signal as in the case where the photographing has been performed by the use of a camera 
and a video reproducer which are not capable of calculating and outputting the geometric data, the view angle 
is calculated from the focal length data recorded by the photographer, and is supplied from the console 40 to 
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the image processor 30 together with the angle data relative to the photographed subject. Meanwhile the geo- 
metric data inputted automatically or manually from the console 40 is correctable later with respect to its value 
by manipulation of the console 40. 

Denoted by 50 is a printer which prints the input image data processed by the image processor 30 and 

5 converted to printable color signals of cyan (C), magenta (M), yellow (Y) and black (K) for example. 

In the constitution of the entire system mentioned above, the image formed by photographing a sample 
article is supplied to the image processor 30 via the still image transmitters 12, 30 and, after being processed 
through predetermined steps in the image processor 30, the printable image data is supplied to the printer 50, 
whereby the above constitution is rendered effectively utilizable as an editing system in a printing or publishing 

10 company. 

The image processor 30 included in the image processing system of Fig. 1 is so constituted as shown in 
Fig. 2. 

The image processor 30 comprises a program RAM 31 where control programs are stored; an input image 
memory (e.g. hard disk) 32 for sequentially storing the image data inputted from an image source such as the 
15 still image transmitter 20; a CPU (central processing unit) 33; an output image memory 34 for storing the output 
image signal converted to cyan (C), magenta (M), yellow (Y) and black (K) color signals; and an input-output 
interface 35 for inputting and outputting the image data while transferring the signals to and from the console 
40. 

The CPU 33 comprises a system controller 33A for controlling the operation of each component circuit in 
20 accordance with the program, a calculator 33B for executing various calculations, and a work memory (main 
memory) 33C. 

The still image signal inputted to the image processor 30 and the geometric data concomitant therewith 
are stored automatically in the input image memory 32. Subsequently the image data thus stored is read out, 
when required, from the input image memory 32 by the CPU 33, and then an image processing routine shown 
25 in a flow chart of Fig. 3 is executed. 

In this image processing routine, first the image data to be processed is read out from the input image mem- 
ory 32 and is loaded in the work memory 33C of the CPU 33 (step F100), and a control picture indicative of 
the process contents is displayed in the form of a menu on the control display unit 41 incorporated in the console 
40 (step F101). 

30 The process content is determined when any desired one to be executed is selected by the operator and 
is inputted by manipulation of the keyboard 42 or the mouse 43 (step F1 02). Thus, the desired process selected 
out of image transformation, noise reduction, chroma control and so forth is executed at steps F103a, F103b, 
F103c, etc. 

The image transformation at step F1 03a includes dimensional enlargement or reduction of the input original 
35 image, change of the center position, rotation, and change of the image size. Although the steps F103a, F103b 
and so forth are shown in parallel in this flow chart, the steps may be so arranged as to be executed sequentially 
in a predetermined order. 

The image signal processed at step F103 is supplied to the monitor 44 and is displayed thereon so that 
the operator can confirm the process (step F104). In case a further process is to be executed, such process 
40 is selected through manipulation by the operator (return from step F105 to step F102). 

Upon completion of the entire selected image processing steps, the image signal (composed of Y/C signal) 
is converted to printable C, M , Y, K color signals (step F1 06), which are then stored as output data in the output 
image memory 34 (step F107). The signals thus stored are outputted to the printer 50 either automatically or 
in response to manipulation of the console 40 when required, so that the 4-color (C, M, Y, K) image signals 
45 are printed to form a color picture. 

Although color image signals are outputted in this embodiment, it may be so modified as to output a mono- 
chrome image signal with omission of the step F106. 

(Tilting process] 

so 

The image processing system of Fig. 1 is equipped with the image processor 30 to execute the routine 
mentioned above, so that the desired picture can be printed on the basis of the image data (Y/C) outputted 
from the image source. And in the image processor 30 of this embodiment, the image transformation at step 
F103a includes geometric transformation of the image signal which corresponds to the tilting process in a film 
55 camera and is performed on the basis of the geometric data obtained in the photographing mode and inputted 
together with the image signal or inputted from the console 40 as mentioned. Hereinafter such geometric trans- 
formation of the image signal will be described in detail. 

Fig. 4 is a block diagram of functions constituted as software to perform the geometric image transformation 
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in the image processor 30 of the embodiment. In this diagram are shown a transformation parameter generator 
means 71, a geometric data input/changer means 72, a coordinate transformer means 73a, and a data inter- 
polator means 73b. 

The transformation parameter generator means 71 produces parameters 0 (depression angle) and f (focal 
5 length), which are required for the processes in the coordinate transformer means 73a and the data interpolator 
means 73b, on the basis of the geometric data and the picture size data. First, the coordinates are transformed 
in accordance with the parameters 0 and f in the coordinate transformer means 73a, and then the data inter- 
polation is computed in the data interpolator means 73b. 

Now a description will be given on the process of image transformation which is executed in the coordinate 
10 transformer means 73a and the data interpolator means 73b correspondingly to the tilting process. 

Suppose here that the photographic setting is such as illustrated in Fig. 13. For the purpose of simplifying 
the illustration, it is assumed that the horizontal inclination angle of the center axis Cc of the camera is 0° to 
the front of the subject being photographed, but the depression angle 0 is existent vertically as viewed from 
the camera 2. 

15 The tilting process for transforming the image-forming focal plane from (A - B) to (A' - B') as shown in Fig. 
5 corresponds to a process for changing a position P on the x, y coordinates to another position P' on the u, v 
coordinates which are obtained with a rotation of the depression angle 0 from the x, y coordinates. Therefore 
the coordinate transformation of P (x, y) to P' (u, v) is a projective transformation given by 

L 

/ - //tan 0 

/cos0-//sin0 (1) 

Then, an image transformation is executed by using the following equation where u, v are expressed by 

x, y. 

/ 

/ + sin 5 ■ v 
f cos 0 • v 



30 



V = 



35 



According to Eq. (2), the coordinate transformer means 73a sets the coordinates to be transformed and 
transforms the coordinates of each pixel in the image signal, i.e., calculates the value of the image signal (pixel 
data) at the new coordinates. Since the pixel data after the coordinate transformation are generally not meshy 
40 in arrangement, the data interpolator means 73b executes a predetermined interpolation of the data to thereby 
produce an image on the transformed coordinates. 

Due to the process mentioned above, it becomes possible to obtain a desired image by geometric trans- 
formation similarly to the known case of optically executing the tilting process as illustrated in Fig. 17, hence 
realizing the efficacy of the ordinary optical tilting process by the image transformation. 
45 In the coordinate transformer means 73a and the data interpolator means 73b described above, the para- 
meters 0 and fused for geometric transformation of the image are supplied from the parameter generator means 
71. The transformation parameters 0 and fare outputted from the parameter generator means 71 on the basis 
of the geometric data and the focal-plane size data inputted thereto, and various calculations are executed in 
compliance with requirements. For example, even when the focal length f is not recorded as the geometric data, 
50 it can be calculated with facility if the view angle is recorded as the geometric data, since the focal-plane 
size is fixed depending on the kind of the camera. 

The value of the geometric data can be inputted or changed, when necessary, by operating the geometric 
data input/changer means 72 through manipulation of the console 40. 

In case the value of either the depression angle 0 or the focal length f is unknown, the calculation in the 
55 parameter generator means 71 is executed in the following procedure. 

Suppose here that, as shown in Fig. 6, an actually rectangular subject 1 (represented by a broken line) is 
photographed as a trapezoid 1a (represented by a solid line) having an upper side a, a lower side b and a height 
c + d. 
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Since the values of the sides a, b, c, d can be calculated from the image signal data inputted as a photo- 
graphed image, the following three equations are obtained with regard to the width g 0 at y = 0 (on the x-axis) 
of the y-axis which is the center of rotation, the width gt determined when the vertical lines of the trapezoid 1a 
are extended to the upper end of the image portion where y = y t , and the width g b determined when the vertical 
5 lines of the trapezoid 1a are extended down to the lower end of the image portion where y = y b . 
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In the above equations, R is set as R = go/g b when g b ^ g 0 , or as R = when g b > g 0 , so that the depression 
angle 9 can be calculated according to 

25 



0 = sin" 1 



( ) 

V v /l-2J? + (i? a /«« i V'i)/ 



(6) 



30 

Meanwhile, the view angle y t is given by Eq. (7) or (8) as follows. 



i/>i = tan" s 



(?) 



35 \I' (7) 



40 = tan 1 ( T ) 

V// (8) 

The focal length f can be calculated according to 

f = T^rtane (9) 

45 R " 1 

where y is the size of the image-forming focal plane. 

The processes subsequent to step F104 in the flow chart of Fig. 3 are executed with regard to the image 
signal obtained by geometric transformation of the image corresponding to the tilting process in the coordinate 
transformer means 73a and the data interpolator means 73b by the use of the parameters 6 and f supplied from 
50 the parameter generator means 71 as described above, and the processes are displayed on the image monitor 
44 in the console 40. Furthermore, if necessary, the image signal is converted to C, M, Y, K color signals after 
a predetermined process and then is outputted to the printer 50, whereby the image signal can be printed as 
a picture to be listed in a catalog or the like. 

In the image processor 30 of this embodiment, the geometric data is changeable by the function of the geo- 
55 metric data input/changer means 72, so that it becomes possible to perform a variety of geometric transforma- 
tions such as to achieve an intentionally emphasized portion of the image in addition to..the mere image trans- 
formation corresponding to the tilting process. 

Although in the above embodiment the coordinate transformation of the input image is executed with ro- 
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tations of two-dimensional coordinate axes for the convenience of the explanation, it is practically , possible to 
perform rotations of three-dimensional coordinate axes as well. 

[Depth-effect emphasizing process] 

5 

Hereinafter a description will be given on a process for controlling and emphasizing the depth effect of the 
image used as one of image transformations in the image processor 30 of this embodiment 

This image transformation is a process for forming an altered image equivalent to the image obtained by 
selectively changing the viewing position and the focal length of the camera 10 or 13 to the subject being pho- 
to tographed. This process will be referred to as "depth-effect emphasizing process" in the following description. 
Such process for controlling and emphasizing the depth effect can be executed independently of, or in com- 
bination with, the image transformation corresponding to the aforesaid "tilting process" in the image processor 
of this embodiment. 

The above process is executed at step F103a when the aforementioned routine of Fig. 3 is executed by 
15 the CPU 33 for the image inputted to the image transforming apparatus 30 and stored in the input image memory 
32. 

In the tilting process described, geometric data (parameters for image transformation) inclusive of the view 
angle, focal length and azimuth in the photographing mode are inputted to the image transforming apparatus 
30 simultaneously with the image signal. As for the depth-effect emphasizing process, a description will be giv- 

20 en with reference to an assumed exemplary case where merely the image signal alone is inputted, and the 
required values of the parameters and so forth at a two-dimensional projection in the photographing mode are 
calculated from the data relative to the sides of the image, and the image transformation is executed with the 
required parameters inputted by the operator. 

If the distortions of the lenses in the cameras 10,13 are ideally minimal to be therefore ignorable, the image 

25 obtained by each of the cameras 10, 13 can be regarded as a result of projective transformation of a subject 
from a three-dimensional space to a two-dimensional space. 

Such projective transformation is definitely determined by setting some parameters. Meanwhile, it is also 
possible, to the contrary, to control and emphasize the appearance of the input image, i.e. the depth effect there- 
of, by calculating such parameters from the image obtained, then changing the predetermined parameters in- 

30 elusive of the view position coordinates and the focal length from the former values (in the photographing mode) 
to transform the image. 

Now a description will be given on the projective transformation and the operation of calculating the para- 
meters. 

First a three-dimensional coordinate system (x-y-z system) is prepared as shown in Fig. 7. Such coordinate 
35 system is rotated around the z-axis by an angle a, then is further rotated around the x-axis by an angle p, and 
the origin is shifted in parallel with the viewing position (x 0 , y 0 , Z©) to obtain an altered x'-/-z' coordinate system 
as shown in Fig. 7. In the two x-y-z and x'-y'-z' coordinate systems, the position coordinates are coupled to 
each other by Eq. (10) below. 
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When the z'-axis is parallel with the direction of the visual line, the projection plane with the focal length f, 
i.e. the projective transformation to the uv plane 80, is given by 
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u = 



u — 



(11) 



In the above, the conditions are such that the origin Or of the uv plane 80 is the point where a straight line, 
which is directionally the same as the visual line and passes through the viewing position (x^,, y 0l Zq), intersects 
10 the uv plane 80, and a directional coincidence is attained between the x'-axis and the u-axis, and also between 
the /-axis and the v-axis. 

Consequently any point in the three-dimensional space can be transferred to a point on the uv plane 80 
which is the projection plane. 

As for a shift of the viewing position coordinates (Xo, y 0 » z<>). a calculation is executed to obtain the coor- 
15 dinates (xqm, yoM. zom) of a point to which the former viewing position coordinates (Xo, y 0 , are shifted by a 
distance Ad in the direction of a visual line vector n. It is predetermined here that, when Ad > 0, the viewing 
position is shifted away from the subject 

It is found from Fig. 7 that the visual line vector n is expressed as 

n = (sin a sin p, - cos a sin p, cos p) (12) 

20 Therefore, 
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For calculating the viewing position coordinates (x<>, y 0 , zj and the parameters such as rotation angles (a, 
P) from the data of the straight line on the uv plane 80, it is necessary to previously know how the straight line 
30 in the three-dimensional space is formed into an image on the uv plane 80. Such calculations can be executed 
according to Eqs. (10) and (1 1) mentioned above. 

With regard to a straight line Ix parallel with the x-axis where y and z are both fixed, Eq. (14) is derived 
from Eq. (10) under the conditions of y - y 0 = Y and z - Zq = Z (fixed). 



35 
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45 



50 
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sin ft 



+ Y siiur 



+ 



cusncds ft 



sin tx shift ' sin a sin a sin ft 

. / cos / A . 
a: 0 }*incrBiii/*- V cosasin/l + Zcus/i} I -^r^ J ~ V cosrtcos/i 

r cos 2 /? 



+ z 



sin /i 



+ l'"c:osa vosft + Zsinft 



; cos/j 



siu/i sin/? 



(14) 

55 

Therefore, from Eq. (1 1), u and v are expressed as 
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, cos or / / coso* cos /J .1" ^ 

11= - f— = -/ — ~ + 

z suwrsiji/j r' \ sin a sin/? sin a/ 

z' inuft z'sin/J 

(15) 



Eliminating z' from the above, 

to 



si"/' / / \ _ sing sin /i / + cos g \ 

Z V ' ™ ta«/i/ ~~ --Zeros rrc:os/i + ]*sin/j \ shirr sin /*/ 



15 

Consequently, 



(16) 



20 



W " tan (i ~ Y sin ft - 2 cos <t cos ft \ sin nr sin ft J 



(17) 



25 or 



Z isiii a r r cos ft + Z cos (v sin ft 

" ~ P sin ft - Z cos cr cos ft " 1" sin - Z cos a cos ft 

30 



(18) 

It is found therefrom that the straight line Ix parallel with the x-axis passes through a fixed point expressed as 



35 



\ sin n sin /i, tan ft J 



(19) 

40 

Meanwhile, with regard to a straight line ly parallel with the y-axis where x and z are both fixed, Eq. (20) 
or (21 ) is obtained by a calculation under the conditions of x - Xq = X and z - Zo = Z (fixed) similarly to the foregoing 
case of the straight line Ix expressed by Eqs. (14) to (16) above. 



45 



50 



f Zcoscr / sinn \ 

tun /i X sin // + Z sin « cos// \ cos ft sin /J/ 

(20) 

2 cos a A"i:os/J- Z sin ft sin/? 



.Y sin /< + Z sin or < cis /;/ " + ^.Y sin /7 + Z sin rt cos ft 



55 



(21) 



Consequently it is found therefrom that the straight line ly parallel with the y-axis passes through a fixed point 
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expressed as 



15 



20 



45 



50 



\ cos or sin/?, tan/?/ 



(22) 



Further with regard to a straight line Iz parallel with the z-axis where x - Xq = X and y - y 0 = Z (fixed), Eq. 
(23) can be obtained by executing a calculation under the conditions of x - Xq = X and y - y 0 = Z (fixed) similarly 
10 to the aforementioned case of the straight line Ix given by Eqs. (14) to (16). 



1 A" sin a — 1'" cusa , , 
v = — — u — / tan p 



cos/? A' cos <\ + Y sin a ' ' (23) 

It is found therefrom that the straight line Iz parallel with the z-axis passes through a fixed point expressed as 
(0 f -/laii/i) (24) 



Thus, it is understood from the above results that each of the straight lines parallel with the axis in the three- 
dimensional space has such characteristic as to pass through a certain fixed point when projected onto the uv 
plane 80. 

On the basis of the information thus acquired, there are calculated the projective transformation parameters 
25 such as the viewing position coordinates (x 0 , y 0 , Zo), the rotation angles (a, p), the focal length f and the subject 
size from the image projected onto the uv plane 80 (i.e. the image inputted to the image transforming apparatus 
30). 

In this example, the subject is assumed to be a cuboid, and its individual sides are denoted by l t to l 9 as 
illustrated in Fig. 8. Further its vertex positions are represented by x, y, z coordinates. 
30 It is supposed here that, on the image-forming focal plane, the equations of the straight lines corresponding 
to the straight sides h to l 9 of the cuboid subject are known, and also that the inclination of the straight line \\ is 
denoted by a jf and a y-segment by b| respectively. 

Since the sides l 3 and l 4 of the cuboid subject are parallel with the y-axis three-dimensionally, the intersec- 
tion of the straight lines l 3 and l 4 projected onto the image-forming focal plane is represented by the fixed-point 
35 coordinates given by Eq. (22). 

Due to the same reason, the intersection of the straight lines l 6 and l 7 obtained on the projection plane and 
parallel with the x-axis three-dimensionally is represented by the fixed-point coordinates given by Eq. (19). 

Further the y-segment b, of the straight line I, parallel with the z-axis three-diemsionally is found to be -f 
tanp from Eq. (23). 

40 Therefore the rotation angles a, p and the focal length f can be calculated from the above as follows. 



f 

tan or 



_ I <iy, ~ <ii h - b { 
~ V hi - h «3 - «.» 



tan )1 



/ M«:i/j-i ~ ft :t"j 
V ":i - «4 



(25) 



Subsequently the size of the cuboid subject and the viewing position coordinate (Xq, y 0f Zo) car > be calculated 
55 in the following procedure. However, merely the length ratio alone can be obtained from the projected image, 
and it is impossible to find the absolute length. Therefore the y-coordinate of the viewing position is applied as 
Vo = -L 

Since the inclination (= a) of the straight line Iz parallel with the z-axis is already known as mentioned, Eq. 
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(26) is derived from Eq. (23) described above. 

1 Xsina - Ycosa /oe , 

a — — — — : l^o) 

cos p X cos a + Y sin a 

Solving Eq. (26) with respect to X, 

5 

a tan rv cos ft — 1 y 
~~~ «<:os/* + tan/< (27) 

to As mentioned, X = (x - x 0 ), Y = (y - y 0 ) and y 0 = -L Therefore, the straight line h (x = 0, y = 0) parallel with 
the z-axis is expressed as 



a | tn n a cos/? — 1 

15 J " " 11 1 ros '* + Uiu fr (28) 

Similarly, using the straight line l 2 (x = X|, y = 0) parallel with the z-axis, X| is expressed as 

20 

(1-2 tan a cos /J — 1 

a:, = :/r (l L 

<i«i cos ft + tan n ....(29) 

25 Furthermore the y-segment (= b) of the straight line Ix parallel with the x-axis is already known as described, 
so that Eq. (30) is derived from Eq. (18). 

j }'* cos ft + Z cos r t sin // 
30 Y sin /J - Z cos rictus /J ^ (30) 

Solving Eq. (30) with respect to Z, 

35 1 fcsin/J - / c:os/J 

— ■ "■ ■ i 

cos a // cos + / sin ft . . . . ( 31 ) 

Here, Z = (z - zj as mentioned above. Therefore, using the straight line l 5 (y = 0, z = 0) parallel with the 
40 x-axis, Zo is expressed as 



Z " ~ cosafc r ,cos/J + / sin (32) 

45 

Regarding the straight line l 6 (y = 0, z = z 1 ) parallel with the x-axis, z, is expressed as 

1 b,sinp-fcosP L 
cos a b 6 cos p + f sin p ' 

50 And finally yi is calculated according to Eq. (34) by solving Eq. (31 ) with respect to Y and using the straight 
line l 7 (y = y, f z = z,) parallel with the x-axis. 

(bs sin ft - / cos ft hi cos ft + j sin ft \ 
h-i sin ft - f cos ft fc 0 cos ft + / sin ft J ^ 34 j 



Thus, it is understood from the above that the parameters for the projective transformation can be calcu- 
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lated merely by inputting the distance L from each of the cameras 1 0, 1 3 to the subject (accurately the shortest 
distance from the camera to the plane including the front of the subject). 

In other words, it becomes possible to calculate the viewing position coordinates (Xq, y 0 , Zo), the rotation 
angles (a, p), the focal length f and the subject size from the projected image. 

5 The depth-effect emphasizing process in this embodiment is executed through image transformation per- 
formed by calculating the parameters in the above procedure and further inputting the transformation parame- 
ters. The routine of such processing procedure is shown in Fig. 9. Steps F200 to F208 are executed correspond- 
ingly to step F1 03a in the aforementioned flow chart of Fig. 3 when, for example, the depth-effect emphasizing 
process is indicated by the operator. 

10 First the image data to be processed is loaded from the input image memory 32 and then is displayed on 
the image monitor 44, and the desired process is selected (steps F100 to F102 in Fig. 3) . When the depth- 
effect emphasizing process is indicated at step F103a in Fig. 3 (step F200), first an input of the feature points 
of the subject is requested. Then., in the above exemplary case where the subject is a cuboid, the data of each 
vertex position of the cuboid subject represented by x, y, z coordinates is inputted by the operator as shown 

15 in Fig. 8(stepF201). 

The procedure may be so modified as to detect such feature points automatically by the operation of the 
CPU 33 (step F202). 

For the purpose of calculating the absolute values of the focal length f and the viewing position coordinates 
(Xo. y Q i Zo). one absolute value data is inputted (step F203). In the above routine of calculation, such data cor- 
20 responds to y 0 = -L 

Using the feature points (vertex positions of the cuboid subject) and the absolute value data (y 0 = -L) thus 
inputted, calculations are executed in the above procedure to obtain the parameters in the photographing mode, 
i.e. the viewing position coordinates (Xo, y 0 , Zo), the rotation angles (a, p), the focal length f and the subject size 
(step F204). 

25 In this stage, the operator is requested to input new transformation parameters for execution of the depth- 
effect emphasizing process, inclusive of a desired viewing distance (viewing-position displacement Ad) and a 
focal length f N changed in accordance therewith. Then, in response to such request, the operator inputs the 
desired viewing position displacement Ad and the focal length f N (step F205). 

Subsequently, new image data are produced by executing coordinate transformation and data interpolation 
30 in conformity with the viewing position displacement Ad and the focal length f N thus inputted. In other words, 
there is transformed an altered image by a reprojection performed under the conditions of the viewing position 
displacement Ad and the focal length f N (step F206). 

The image transformation is a process of constructing an x'-y'-z' coordinate system by using the new view- 
ing position coordinates obtained according to Eq. (1 3), and executing a projective transformation on the plane 
35 (uv plane 80 in Fig. 7) according to Eq. (11). It is a matter of course that the x'-y'-z' coordinate system in this 
case is also prescribed by the x-y-z coordinate system according to Eq. (10). 

Upon completion of the image transformation, the transformed image is displayed on the image monitor 
44 for the operator. And the transformation parameters are inputted again by the selection of the operator, 
whereby the image transformation is executed or the depth-effect emphasizing process is terminated (step 
40 F208). Upon completion of such depth-effect emphasizing process, the subsequent operation is continuously 
performed as shown in the flow chart of Fig. 3. 

The following are the result of a simulation of calculating the parameters for the depth-effect emphasizing 
process in the embodiment and also the result of the actual image transforming process. 

In the above description given with regard to the method of calculating the parameters, the parameters of 
45 the straight line on the projection plane (the inclination aj and the segment b| in the equation of the straight line 
It) are supposed to be known ones. However, in the actual simulation, it is impossible to calculate the straight 
line parameters from the values read out from the monitor if the relationship of mutual correspondence between 
the coordinates on the monitor and the coordinates on the image-forming focal plane is unknown. For this rea- 
son, the data representing the vertical and horizontal pixel density and the center position of the photographed 
so image are inputted first. 

The pixel density is based on the value estimated in accordance with the specifications of the CCD video 
camera employed. Since the straight line parallel with the x-axis in the three-dimensional space passes through 
the position u = 0 (u-coordinate of the center of the photographed image) when projected onto the image-form- 
ing focal plane (as given by Eq. (32)), the intersection of the straight lines ^ and l 2 on the monitor is represented 
55 by the u-coordinate of the center of the image. Meanwhile the v-coordinate representing the center of the image 
is based on the vertical coordinate of the center of the monitor. And the straight line parameters are determined 
by calculations of the input points corresponding to the individual vertexes of the cuboid subject. 

In Table 1, there are listed the measured values and the results of calculating the projective transformation 
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parameters and so forth relative to a cuboid subject having a size (Ax, Ay, Az) = (320, 460, 300 mm). As for 
the rotation angle a, other parameters were calculated on the basis of the measured values. The calculated 
values are denoted by -ac, 90° - pc, fc which are distinguished from the measured values -a, 90° - p,f respec- 
tively. 

TABLE 1 
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Length in mm 
Cuboid size: 320 x 460 x 300 



It is understood from Table 1 that the values obtained by the above calculations are substantially equal to 
the measured values with the exception of the rotation angle a. Although the focal length f is considerably dif- 

35 ferent in the absolute value, comparison of the absolute value is not so significant since the camera itself is 
not supposed to indicate an accurate value. Comparing the measured value f with the calculated value f c in 
the ratio, it is understood that such values are similar to each other. 

Actual image transformation was experimentally performed by using the results of calculating the parame- 
ters. The examples (A), (B) and (C) in Table 1 are shown respectively in Figs. 10, 11 and 12. 

40 In each of the illustrations, (a) is an original image; (b) is an image so processed as to appear like the image 
photographed with a wide-angle lens under the condition of Ad < 0, i.e. at a position displaced to be closer to 
the subjects from the actual shooting position for the original image; and (c) is an image so processed as to 
appear like the image obtained with a telephotographic lens at a position displaced to recede from the subject 
from the actual shooting position for the original image. 

45 The image transformation parameters (viewing position displacement Ad, and focal length f N from new view- 
ing position) in each of the examples are as follows. The focal length f N is so set that the size of the subject 
image after the image transformation becomes substantially equal to the size of the original image. 



50 



55 
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20 It is understood from such illustrations that the depth effect of the original image can be transformed as 
desired by the practical emphasizing process in the embodiment. 

The depth-effect emphasizing process mentioned above saves the labor for re-photographing that may 
otherwise be needed in case the depth effect of the original image is unsatisfactory, and also brings about an 
advantage of easily producing the most adequate image in conformity with the purpose of using each input im- 

25 age. 

Such depth-effect emphasizing process can be applied to any motion image as well as to a still image. 
When a considerable time is required for the image transformation, it is possible to adopt a modified procedure 
which previously confirms the result of displacement of the viewing position by a wire frame and then executes 
a selected process for the actual data after determination of the amount of displacement. 

30 In the embodiment mentioned, the description has been given on the exemplary cases where the tilting 
process and the depth-effect emphasizing process are executed by the image transforming apparatus in the 
system of Fig. 1. However, the constitution may be so modified as to produce a transformed image by incor- 
porating such image transforming apparatus in a photographing unit such as a video camera or in an image 
output unit such as an image monitor. 

35 As described hereinabove, the image transforming apparatus of the present invention has a processing 
means which is capable of geometrically transforming an input image signal by the use of geometric parameters 
to consequently realize the efficacy of a tilting process by such geometric image transformation. It follows that 
an image similar to the one formed through the tilting process can be obtained by photographing with a video 
camera or an electronic still camera, and the amount of the tilt is adjustable even after termination of the pho- 

40 tographing. Therefore a remarkable advantage is attainable in enhancing the efficiency during the photograph- 
ing operation and throughout the entire work up to the printing. 

Furthermore, image transformation is achievable with regard to the original image in such a manner as to 
change the viewing position and the focal length from those in the actual photographing mode, hence altering 
and emphasizing the depth effect as desired after termination of the photographing to consequently eliminate 

45 the necessity of repeating the photographing operation all over again. In addition, the depth-effect emphasis 
is also changeable in a variety of ways after termination of the photographing, thereby ensuring an advantage 
that the most adequate image for each purpose of use can be obtained with facility. 



so Claims 

1. An image transforming apparatus comprising: 

an image holding means for holding an input image signal; 

a parameter holding means for holding geometric parameter signals in a photographing mode with 
55 regard to said input image signal; 

an image processing means for executing geometric transformation of said image signal by the use 
of said geometric parameter signals; and 

a means for outputting the image signal transformed geometrically by said image processing 
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means. 

An image transforming method comprising the steps of: 
holding an input image signal; 

holding geometric parameter signals in a photographing mode with regard to said input image sig- 
nal; 

executing geometric transformation of said image signal by the use of said geometric parameter 
signals; and 

outputting the image signal transformed geometrically in the preceding step. 

The apparatus according to claim 1, wherein said input image signal is a still image signal obtained from 
a video camera; and said geometric parameter signals are composed of at least a view angle data signal, 
a focal length data signal and a relative angle data signal of the video camera to.a subject in the photo- 
graphing mode; and said image signal is geometrically transformed by the use of said geometric parameter 
signals, whereby the subject is outputted as the geometrically transformed image signal. 

The apparatus according to claim 1 , wherein said image signal is a still image signal obtained from a video 
camera; and said geometric parameter signals are composed of at least a view angle data signal and a 
relative angle data signal of the video camera to a subject in the photographing mode; 

the focal length data signal of said video camera in the photographing mode is calculated on the 
basis of a known shape data signal of the subject, and said image signal is geometrically transformed by 
the use of said geometric parameter signals and said focal length data signal, whereby the subject is out- 
putted as the geometrically transformed image signal. 

The apparatus according to claim 1 , wherein said image signal is a still image signal obtained from a video 
camera; and said geometric parameter signals are composed of at least a view angle data signal and a 
focal length data signal of the video camera in the photographing mode; 

the relative angle data signal of the video camera to a subject in the photographing mode is calcu- 
lated on the basis of a known shape data signal of the subject, and said image signal is geometrically trans- 
formed by the use of said geometric parameter signals and said relative angle data signal to the subject, 
whereby the subject is outputted as the geometrically transformed image signal. 

The apparatus according to any of claims 1 and 3 to 5, wherein said image processing means for geo- 
metrically transforming the image signal by the use of said geometric parameter signals includes a means 
for inputting a depth-effect emphasizing data signal and executes geometric transformation to emphasize 
the shape of the subject image on the basis of said depth-effect emphasizing data signal. 

The apparatus according to claim 5, wherein said depth-effect emphasizing data signal is a viewing dis- 
tance data signal representing the distance from the subject and estimated by an operator, and geometric 
transformation is executed to emphasize the shape of the subject image on the basis of said viewing dis- 
tance data signal. 

The apparatus according to claim 6, wherein said geometric parameter signals are calculated from the 
feature points of said subject 
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FIG. 9 
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FIG. I3 
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